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Abstract 
Deep marine carbonates of Late Campanian to Early Maastrichtian age that crop out in the Subbetic Zone near Caravaca (SE 
Spain) contain a thick succession of dm-scale levels of calcareous contourites, alternating with fine-grained pelagitesl 
hemipelagites. These contourites, characterised by an abundance and variety of traction structures, internal erosive surfaces and 
inverse and nOlmal grading at various scales, were interpreted as having been deposited under the influence of relatively deep 
ocean CUlTents. Based on these contourites, a new facies model is proposed. 
The subsurface currents that generated the contourites of Caravaca were probably related to the broad circumglobal, 
equatorial current system, the strongest oceanic feature of Cretaceous times. These deposits were formed in the mid-depth 
(200-600 m), hemipelagic environments at the ancient southern margin of Iberia. This palaeogeographic setting was 
susceptible to the effects of these currents because of its position close to the narrowest oceanic passage, through which the 
broad equatorial cun'ent system flowed in the westemmost area of the Tethys Seaway. Regional uplift, related to the onset of 
convergence between Iberia and Africa, probably favoured the generation of the contourites during the Late Campanian to the 
Early Maastrichtian. 
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1. Introduction 
Over the last few years, there have been several 
developments in discriminating depositional facies of 
contourites and their mechanisms of formation based 
on stndies of modem deep-sea deposits (e.g., Stow et 
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aI., 1996; Stow and Faugeres, 1993, 1998; Stow and 
Mayall, 2000a; Shanmugam, 2000). These papers, 
which are mainly the result of extensive deep ocean 
coring and seismic programmes, show that contourites 
are less rare in the modem record than previously 
thought, and also suggest that they are relatively 
abundant in ancient pelagic and hemipelagic sequen­
ces. Notwithstanding, only a few works have dealt in 
detail with ancient contourite deposits. Difficulty 
associated with their recognition has probably been 
the main cause of this oversight. However, economic 
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Fig. 1. Outcrops of the Jorquera Fonnation examined in the Caravaca area (according to Van Veen, 1969) corresponding to the mid-Campanian 
to mid-Maastrichtian sequence of the Subbetic zone of the Betic Chain (SE Spain). 
importance of contourites as potential hydrocarbon 
reservoirs and their scientific relevance as palaeogeo­
graphic and palaeoceanographic indicators have re­
cently triggered a growing interest in these particular 
deposits. 
The aim of this paper is to provide sedimentolog­
ical characteristics of carbonate contourites and doc­
ument their presence on the southern palaeomargin of 
Iberia. The Cretaceous contourite Wlit analysed is of 
calcareous composition and crops out in the Betic 
chain (SE Spain, Fig. I ). We attempt to model the 
genesis of such deposits and their associated facies, 
considering changes in accommodation and accumu­
lation. Also discussed are palaeogeographic implica­
tions of these Cretaceous contourites in a framework 
of the western Tethys, between Iberia and Africa. 
2. Regional framework 
The examined rocks crop out in the Loma de la 
Solana hills, about 3 km south of the town of 
Caravaca (Murcia province, SE Spain) (Fig. I ). This 
site is well known for its KIT boundary section. These 
rocks were deposited in the relatively deep, hemi­
pelagic to pelagic settings of the ancient southern 
continental margin of the Iberian plate (Fig. 2). This 
margin was constructed during the Jurassic and Early 
Cretaceous as a consequence of the extensionalltrans­
tensional separation of Africa and Iberia (e.g., Savos­
tin et aI., 1986; Vera, 1988; Martin-Chivelet et aI., 
2002). 
At the end of the Cretaceous, the tectonic evolution 
of the basin changed due to the convergence of 
Europe and Africa. As result, the broad passive 
margin changed into convergent (Martin-Chivelet, 
1996; Martin-Chivelet et aI., 1997; Reicherter and 
Pletsch, 2000; Chacon and Martin-Chivelet, 2001). 
This process culminated in the Tertiary with the 
complete destruction of the margin and the formation 
of the Betic fold-and-throst belt (e.g., Vera, 1988). At 
present, the studied sequences appear as isolated out­
crops within the Subbetic Zone, a major allochtho­
nous Wlit of the Betics. 
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Fig. 2. Palaeogeographic reconstruction of the Tethys Seaway for the Maastrichtian (based on Philip and Floquet, 2000) showing the Betic 
continental margin (and the approximate position of the Caravaca outcrops) at the northern border of the gateway of the Tethys Seaway to the 
Central Atlantic. 
In this setting close to the Iberian microcontinent 
were deposited (e.g., Vera and Molin., 1999) very 
homogeneous series of hemipelagic/pelagic carbo­
nates during most of the Late Cretaceous, while in 
the shallow parts of the margin, wide carbonate (and 
mixed carbonate-siliciclastic) platforms developed 
(e.g., Azema et aI., 1979; Martin-Chivelet, 1992). 
Deposition on both platform and deeper environ­
ments were affected by regional major tectonic 
events that took place in response to changes in 
intraplate stresses (Martin-Chivelet, 1996). These 
tectonic changes had short time duration and led 
to changes in palaeogeography, subsidence, fossils 
and type of sediments deposited (Martin-Chivelet, 
1995). 
The time span of the analysed sedimentary 
sequences (Late Carnpanian-Early Maastrichtian) 
corresponds to a period of relative tectonic quies­
cence at the margin, which lasted nearly all the 
Carnpanian and the Early Maastrichtian (i.e., about 
13 million years according to Gradstein et aI., 1995). 
It is bounded by two regional tectonic events (latest 
Santonian-earliest Campanian and "mid" Maas­
trichtian in age, respectively), which resulted in the 
development of two regional unconfonnities and 
their correlative conformities (Martin-Chivelet, 
1995; Reicherter and Pletsch, 2000; Chacon and 
Martin-Chivele!, 2001). 
3. Stratigraphy 
Despite to the vast number of papers that refer to 
the KIT boundary in Caravaca (e.g., De Paolo et aI., 
1983; Bohor et aI., 1986; Canudo et aI., 1991; Robin 
et aI., 1991; Kaiho and Larnolda, 1999; Arz et aI., 
2000), only a few general stratigraphic studies of 
regional scope have considered Camparuan and Low­
er Maastrichtian deposits (e.g., Paquet, 1969; Van 
Veen, 1969; Hoedemaeeker, 1973; Nieto, 1997). 
The sequence at Loma de la Solana Hills is a lOO­
m-thick succession of white, fme grained limestones 
and marly limestones, which include abWldant dm­
scale tabular intercalations of fmely laminated ca1car-
enites. The whole unit corresponds to member A of 
the Jorquera FOlmation in the sense of Van Veen 
(1969) (Fig. 2), thus being included in the middle 
part of the Quipar-Jorquem Formation in the sense of 
Vera et al. (1982). 
The unit conformably rests on the hemipelagic 
carbonates of the Quipar FOlmation (sensu Van Veen, 
1969) and is overlain by a distinct unit of distinc­
tively greeinsh grey hemipelagic marls (Member B 
of the Jorquera Formation) of Late Maastrichtian to 
Paleocene age. Transition from the underlying unit is 
gradational and marked by a progressive increase in 
the number and thickness of intercalations of finely 
laminated ca1carenite levels (herein interpreted as 
contourites). On the contrary, the contact with the 
overlying marly unit is much more abrupt, reflecting 
a major paleogeographic change caused by the 
regional tectonic event of mid-Maastrichtian age 
(e.g., Chacon and Martin-Chivelet, 200 1; Chac6n, 
2002). 
To precisely date the rocks and refine the age­
dating proposed by Van Veen (1969), a biochronos­
tmtigraphic analysis, based on planktic forarninifera, 
was undertaken. The uppemlOst section of member 
A yielded the following indicative taxa: Contuso­
truncana walfischensis (Todd, 1970), Gansserina 
gansseri (Bolli, 1951), Globotruncana aegyptiaca 
(Nakkady, 1950), Globotrunconito onguloto (Tilev, 
1951), Plonoglobulino ocervulinoides (Egger, 1899), 
Plummerito reicheli (Bronnimann, 1952), Rugoglobi­
gerina hexacamerata (Bronnimrum, 1952) and Rugo­
globigerino scotti (Bronnimann, 1952). This fossil 
assemblage characterises the middle part of the G. 
gansseri Zone, according to Robaszynski et al. 
(2000), and corresponds to the lower Maastrichtian 
(Hardenbol et aI., 1998). The globotruncanid assem­
blage obtained from the lowermost levels of the 
member A is rather poor and precludes its assignation 
to any biozone. The very top of the underlying unit 
(Quipar Formation) yielded Globotrunconito colcor­
oto (Cushinan, 1927), a species that defines a biozone 
ranging in age from the late Middle Carnpanian to the 
early Late Carnpainan. 
Comparable sequences with deposits of similar age 
and interpreted as contourites have also been found by 
the authors in several outcrops of surrounding areas of 
the Betics (e.g., Alicante-Jijona area, in the eastern 
Prebetic domain, Chacon, 2002). However, the con-
tourite facies of these outcrops are not as well repre­
sented as in the Caravaca area. 
4. Sedimentology 
Two main, vertically alternating facies associations 
were identified in the member A of the Jorquera 
Formation (Fig. 3). The first consists of hemipelagites, 
and is clearly dominant throughout the vertical suc­
cession (more than 60% of the total thickness). The 
second association, which constitutes less than the 
40% of the succession, is interpreted as contourite 
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Fig. 3. (A) Latest Cretaceous-Early Palaeogene stratigraphy of the 
Caravaca area. Fonnation names and infonnal members were 
adopted from Van Veen, 1969. Ages according to Chacon 
(lUlpublished data). (B) Detailed section of the stratigraphic interval 
analysed where contourite and hemipelagite facies were separated. 
facies, consists of sediments deposited, or significant­
ly reworked, by deep marine currents. 
4.1. Hemipelagites 
The hemipelagites consist of an alternation of 
limestones (fine-grained wackestones) and marly 
limestones (fine-grained wackestones with a variable 
proportion of fme grained terrigenous material) (Fig. 
4A), arranged in thin to medium-thick (several 
centimetres to a few decimetres), often poorly de­
fined, beds. These facies characterise typical deep 
marine carbonate sedimentation due to the slow and 
relatively steady fallout of biogenic debris generated 
mainly in the upper part of the water column, and a 
variable, but always low, input of [me terrigenous 
material, probably transported by winds or in sus­
pension as plumes from the land. Bioturbation is 
frequent but moderate, and Chandrites and Zaaphy­
cas (Fig. 4B) are the most common ichno-genera. 
Although Zoophycos and Chondrites have often been 
described in oxygen poor, organic matter-rich facies, 
their occurrence does not seem to imply an oxygen­
depleted water/sediment interface (Bromley and 
Ekdale, 1984; Savrda, 1992). This point agrees with 
the presence of fossils of stenotopic organisms, such 
as inoceramids and echinoids, pointing to normal 
salinity and oxygenation conditions during deposi­
tion. The micro fossil component includes abundant 
globotruncanids, calcisphaerulids and some deep-wa­
ter benthic foraminifera, which appear randomly 
distributed and show no evidence of reworking or 
sorting. This suggests minor or no current influence 
on deposition. 
The benthic foraminifera assemblage-Gaudryina 
pyramidata (Cushman, 1926); Lenticulina sp.; Mars­
sane/la axycana (Reuss, 1860); Oridarsalis sp.; Reus­
sella szajnochae (Grzybowski, 1896), among others­
points to an upper bathyal palaeo-waterdepth, i.e., 
between 200 and 600 m (Van Morkhoven et aI., 
1986). Hemipelagic deposits from the uppermost part 
of the underlying Quipar Formation have yielded a 
richer benthic assemblage with G. pyramidata (Cush­
man, 1926), Gavelinella becariiformis (White, 1928), 
Lenticulina sp., Oridarsalis sp., Quadrimarphina sp., 
R. szajnochae (Grzybowski, 1896) and Stensioina 
pammerana (Brotzen, 1940), which confirms this 
bathymetric interpretation. 
The presence of alternating decimetre-scale lime­
stones and marly limestones suggests a high-frequen­
cy cyclicity recorded throughout the hemipelagites 
that is not observed where abundant contourite 
deposits occur (Fig. 4A). This type of cyclicity is a 
pervasive feature of similar hemipelagic fades in the 
Fig. 4. Hemipelagite facies. (A) Typical rhythmic arrangement of limestones and marly limestones on the outcrop scale. (B) Detail of a 
Zoophycos structure within these facies (scale bar: 5 cm). 
Wlderlying Quipar Formation, as well as in coeval 
sediments in other areas in the basin. It has been 
interpreted to be related to climate changes con­
trolled by Milankovitch orbital cycles (e.g., Vera 
and Molina, 1999; Chacon and Martin-Chivelet, 
2001). 
4.2. Contourites 
Contourites appear as stratified, tabular, vertically 
isolated beds 0.05-1.6 m thick (Fig. SA). The base 
and top of each contourite bed are sharp, and mark the 
change from, or into, the hemipelagic fades. The base 
is often markedly erosive and can show scour cast 
structures. Flute casts are a few millimetres deep and 
isolated U-shaped longitudinal scour casts resemble 
gutter cast morphologies, but are smaller than the 
usual gutter structures. Flute casts are massive where­
as longitudinal scour marks are filled with cross-
laminated calcarenites. In contrast, the tops are never 
erosive and are usually defined by a flat, ripple-free 
surface. Sometimes, two or more contourite beds can 
be arualgamated, and are thus sepamted by erosive 
surfaces. 
Contourites are formed by very [me to medium 
sand-grained ca1carenites which can occasionally 
reach a larger grain size. Texturally, they are carbonate 
grainstones to packstones, with usually less than 5% 
of silidclastic grains of silt to fine sand size. Bio­
clastic material is dominant and consists of highly 
reworked and fragmented tests of the same organisms 
that appear in the hemipelagites (planktic foraruinif­
era, a few deep water benthic foraminifera and calci­
sphaerulids, as well as calcite prisms arising from the 
break up of inoceraruid shells). The bioc1asts are 
mixed with abundant subrounded to angular intra­
clasts of micritic material similar to that predominat­
ing in the hemipelagic facies. 
Fig. 5. Examples of contourite facies in the "A" member of the J orquera Fonnation (Lower Maastrichtian). (A) Outcrop feature of dm to m scale 
contourite beds interbedded with less competent hemipelagic facies. See hammer for scale. (B to D) Details of contourite facies showing the 
most typical sedimentary structures and their spatial distribution (e.b.: erosive basal surface; r.s.: internal reactivation surfaces, usually involving 
erosion; c.l.: cross lamination; s.l.: sinusoidal lamination; p.l.: parallel lamination). Scale in cm. 
Contourite beds are characterised by a defined 
vertical distribution sequence of both sedimentary 
structures and grain size (Fig. 6). Vertical grain size 
variations are observed at different scales. Both nor­
mal and reverse gradings are present within each 
contourite bed, although positive grading predomi­
nates. Maximum grain sizes are commonly found in 
the lower half of each level, but not necessarily at the 
base. Thereafter, it is common to observe an increase 
in grain size from the base to a certain level located a 
few centimetres above it, and a slight and gradual 
decrease from this level to the top of the bed. 
According to the observed sedimentary structures, 
most contourite beds can be roughly divided into 
two distinct intervals: 
(1) A lower interval, which may represent a third to 
as much as over half the entire bed, characterised by 
the dominance of cross lamination, produced by the 
migration of ripples under the influence of a tractive 
current. Larger bedfOlTIls are only occasionally ob­
served. Reactivation and slightly erosive surfaces are 
also frequent in this interval. Within this lower part, a 
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Fig. 6. General facies model proposed for the contourites of 
Caravaca. 
vertical sequence of structures is often observed: 
above the basal erosive surface of the contourite 
bed, the first, overlying deposit usually consists of a 
thin level (5-20 cm, Fig. 5B) with parallel to low 
angle cross lamination which often shows reverse 
grading. This level is covered by a new deposit, in 
which sigmoidal, cross lamination is the most prom­
inent feature (Fig. Se-D). This sigmoidal lamination 
is the result of the migration of current ripples, mainly 
climbing ripples, although non-climbing ones can also 
be found. Most sets have been partially eroded by 
reactivation, but when observed to be complete, they 
are strongly asymmetrical, with depositional stoss 
sides showing extremely gentle slopes (1-4°) and 
steeper lee sides (10-15°). The height of the ripples 
never exceeds 2 or 3 cm, and their wavelength 
averages 10 cm. The angle of ripple climbing is 
low, about 20° or less. Foreset laminae are typically 
concave upwards and 1-2 mm thick. Mud-offShots 
are very common. These ripples can be ascribed to the 
type B of Allen (1970, 1971) and Ashley et al. (1982), 
type III of Yokokawa et al. (1995) and, according to 
the nomenclature of Hunter (1977), they are super­
critical. The number of ripples in each train is low, 
compared to the climbing ripples usually described in 
turbidites and continental facies. Preservation of thick 
cosets of cross lamination is rather rare, since internal 
reactivation smfaces are frequent (Figs. 5B to D, 7 
and 8). These surfaces may correspond to erosive 
surfaces that involve truncation of the previous bed­
fOlTIlS; though true and deep erosion is sometimes 
absent or very slight, and the observed "unconfonn­
ities" are due to the geometry resulting from promi­
nent changes in the migration direction of ripple 
trains. Such variations are the nOlTIl from one episode 
of migration to the next. \Vhen it is not possible to 
observe structures in all three dimensions, reactivation 
surfaces may be masked and a subtle change in the 
angle of inclination of the lee and stoss sides or in the 
angle of climbing is the only evidence of discontinuity 
in current action (Fig. 7). When there are signs of 
ripple evolution, climbing ripples are found to merge 
laterally and pass upwards to an interval of sinusoidal 
lamination (sensu Jopling and Walker, 1968) or 
draped lamination (sensu Gustavson et aI., 1975; 
Ashley et aI., 1982). This sinusoidal lamination char­
acterises the tmnsition between the two parts into 
which the contourite bed has been divided. 
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Fig. 7. Two polished sections of a contourite bed, where some of the main sedimentary structures of contourites described in the text are shown: 
sigmoidal cross-lamination, draped lamination, parallel lamination and reactivation surfaces. Note the change in dipping of foresets located 
llllder and above the reactivation erosive surface clearly reflecting a change in the direction of ripple migration and thus in current direction. 
(2) An upper interval, which is dominated by very 
thin and parallel larnination, grain size being generally 
fmer than the underlying interval. The upper part of 
the contourites is mainly defmed. These structures 
arise from changes in grain size and micrite content, 
and are accentuated by concentrations of small fora­
minifera and inoceramid shell fragments. Thin beds 
are of micrometric to millimetric order and often show 
sharp bases, in which parting alignment can be 
observed. Occasionally, normal grading can be ob­
served in the laminae, which tend to cross at extreme­
ly low angles. Very small lenses of ca1carenite or silt, 
which probably correspond to starved ripples, appear 
in some micritic laminae. 
The sequences of the structures described above 
lead us to conclude that the entire bed was deposited 
by contourite currents. Such strata represent the de­
posit of a multi-episodic, long-standing, bottom tmc­
tive current which decreases in strength and avemge 
velocity over time and in space as its ratio of sus­
pended loadlbed load increases. On a smaller scale, 
the internal distribution of structures in the lower part 
of the bed also indicates the action of de-accelerating, 
tractive currents that were repeatedly reactivated. 
Fig. 8. Cross lamination at the microscopic scale in a contourite bed. 
Scale bar: 1 mm. 
The onset of current action on the sea bottom is 
marked by erosion at the base of each bed. After that, 
the current de-accelerates and contourite facies sedi­
mentation begins. During this fIrst stage of deposition, 
variations in current strength occur, causing minor 
erosive surfaces as well as vertical changes in grain 
size. Both reverse and normal grading have been 
recognised in this basal interval. 
The development of climbing ripples and the 
associated abWldance of mud-offshots are indicative 
of bottom low density traction currents with consid­
erable amoWlts of suspended load. Several scales of 
evolution, from type B ripple-drift cross lamination to 
draped or sinusoidal lamination, probably involved an 
increase in suspended load and/or a decrease in 
current velocity. In this situation, the net rate of 
aggradation is high and tends to surpass the down­
stream migration rate of ripples. 
Changes in the characteristics of the sedimentary 
structures and the abWldance of reactivation surfaces 
indicate that current strength is variable and its influ­
ence on the sea floor discontinuous. Pammeters de­
fIning the current, such as velocity, direction or the 
ratio of suspended loadlbed load, repeatedly changed 
as the deposits were generated. A fIrst estimation of 
current velocity can be made by comparing our 
observations with those emerging from experimental 
studies by Ashley et al. (1982). According to work 
performed on medium-sized sand, type B ripples 
required velocities of 15-25 cm/s to be formed, 
whereas draped lamination needs less than 15 cm/so 
Since our deposits are very fIne-grained ca1carenites, 
lower velocities, probably in the range 10-15 cm/s, 
would be expected to be suffIcient for the formation of 
the structures observed. 
The upper part of the contourite beds is interpreted 
to be the result of aggradation and sedimentation 
processes due to currents that mainly transport sus­
pended load, with episodes of activation of extremely 
weak tmctive currents. 
Environmental dynamics inferred from the sedi­
mentological analysis of contourites and hemipela­
gites and the stacking pattern shown by these facies 
(Fig. 3) suggest that the entire stratigraphic succession 
formed in the hemipelagic realm of the basin at the 
upper bathyal palaeo-waterdepth, i.e., between 200 
and 600 m., within a palaeogeographic domain that 
was periodically affected by currents that actively 
modifIed the bottom. These currents were able to 
transport and deposit [me sand to silt sized hemi­
pelagic sediments. 
Current strength and the effects of its action on the 
bottom changed throughout the deposition of every 
bed of contourites and hemipelagites. The sequence in 
Fig. 6, representing one episode of contourite deposi­
tion, can be explained by a succession of four main 
situations, each chamcterised by the following envi­
ronmental and sedimentary conditions: 
1. A strongly erosive current and the development of 
erosive smfaces develop but no net sedimentation. 
2. Active influence of currents of variable intensity 
and periods of erosion alternating with periods of 
deposition. Contourite facies resulting from this 
situation show internal erosive smfaces separating 
deposits of cross-laminated ca1carenites. 
3. Decreasing effects of currents that are active but of 
low strength. The material transported by currents 
is deposited and the resulting facies are dominated 
by fIne-grained, horizontally laminated contourites 
that rarely show bioturbation. 
4. Very weak or no influence of currents on the 
sea floor results in "normal" hemipelagic 
sedimentation. 
5. Latest Cretaceous ocean circulation 
The genesis of mid-depth contourite deposits 
requires the presence of either relatively strong, 
semi-permanent geostrophic currents flowing at inter­
mediate depths or very strong superficial or sub­
superficial currents able to affect the sea floor at these 
depths (Viana et aI., 1998). It is likely that one of these 
current types controlled the deposition of the latest 
Cretaceous calcareous contourites of the Subbetic. In 
ancient contourites, however, it is difficult to discern 
among the different types of currents that might have 
controlled their deposition. In the present study, this 
interpretation is even more difficult, since the sequen­
ces considered were strongly tectonically deformed, 
impeding any reliable palaeocurrent analysis. For 
these reasons, we adopt a more speculative approach 
and consider whether the palaeoceanographic and 
palaeogeographic conditions of the Betic basin could 
have been appropriate for the generation of such 
currents. 
Knowledge on ocean circulation during Late Cre­
taceous times is very limited. Palaeobiogeographical 
reconstructions and computer simulations of ocean 
currents during the Late Cretaceous suggest that a 
circumglobal tropical surface current flowed west­
wardly through the continental configuration of that 
time (e.g., Haq, 1984; Bush, 1997). This current was 
determined by the opening, during the Mesozoic, of 
wide and deep latitudinal ocean passages in the inter­
tropical area as a consequence of the break-up of 
Pangea and the divergence of Eurasia and Africa 
(Tethys Seaway) and of North and South America 
(Deep Central American Seaway). The latter was 
induced by the easterly wind stress that dominated 
(as does today) in latitudes below 30°. These easter­
lies, in conjWlction with the open ocean gateways 
between the Indian, Tethys, and Pacific ocean basins, 
drove the circumglobal, westward-flowing current, 
which flowed along the equator in the Pacific Ocean, 
aroWld the southern end of the Indonesian peninsula, 
into the Tethys Seaway between Africa and Eurasia 
and [mally back into the Pacific Ocean through the 
ocean gateway between North and South America 
(Fig. 2). 
Through general circulation modelling (GCM), 
Bush (1997) presented a numerical simulation for 
the Late Cretaceous tropical oceans of higher resolu­
tion than the former ones (e.g., Barron and Peterson, 
1990), in which the tropical circumglobal current 
appears as a robust feature of ocean circulation for 
that time. Bush used a coupled atmosphere-ocean 
model and adopted a palaeogeographic reconstruction 
for the Maastrichtian. According to this simulation, 
the mean depth of the circumglobal tropical current 
varies substantially but attained its vertical maximum 
in the Tethys Seaway, where it reached 350 m. It is 
possible that, below that strong surface current, a 
complex pattern of eastward subsurface currents (or 
undercurrents) developed in the Tethys Seaway to 
compensate that immense westward water surface 
flow. Both the main surface current system and the 
associated Wldercurrents could be responsible of con­
tourite deposition in the South Iberian continental 
margin. 
During the Late Cretaceous, the Betic continental 
margin occupied an area that was extremely suscep­
tible to one of these relatively deep oceanic currents. 
Situated in the western end of the Tethys Seaway 
passage at this ocean's gateway to the Atlantic (Fig. 
2), the continental margin formed the northern bound­
ary of the narrowest oceanic passage through which 
the broad equatorial current system flowed. Relatively 
deep currents, channelled between Africa and Iberia, 
could have affected the ocean floor in the hemipelagic 
areas of the continental margin and generated con­
tourite sequences. 
At this point, a question arises: why this process 
was effective in the Campanian-Maastrichtian inter­
val and not before, despite that the Tethyan passage 
was effective during nearly all of the Mesozoic? 
Possible explanations to this time restriction should 
be found in the palaeogeographic evolution that took 
place at the end of the Cretaceous. The whole inter­
tropical current system was strongly sensitive to 
palaeogeographic evolution, representing sea-level 
changes or tectonic plate movement (e.g., Poulsen et 
aI., 1998). Late Cretaceous ocean circulation in the 
Tethys was substantially different from the previous 
Early Cretaceous-Late Jurassic ocean circulation, the 
main differences being related to the start of the 
collision of India with Asia and the onset of Africa­
Europe convergence. 
In particular, this later point could cause a paleo­
ceanographic rearrangement in the Tethyan passage, 
where the Caravaca contourites are deposited. Small 
changes in palaeogeography could provoke drastic 
modifications in the direction, strength and depth of 
the currents, and thus condition their effects in hemi­
pelagic settings. From Late Santonian times onwards, 
Alpine convergence started to seriously affect the 
sedimentary basins of Iberia (pyrenean basin, Iberian 
basin, Betic margin), leading to the onset of basin 
inversion in the Pyrenees (e.g., Sim6, 1986) and the 
Iberian basin (e.g., Alonso et aI., 1993), and to strong 
tectonic movements in the Betics (e.g., Martin-Chive­
let, 1996; Reicherter and Pletsch, 2000). Narrowing of 
the passage between Iberia and Africa with the con­
sequent intensification of channelling water transfer 
between the Tethys and the Atlantic was also possibly 
induced. Thus, the broad geodynamic process related 
to the onset of alpine convergence caused palaeogeo­
graphic changes in the Betic margin, including block 
movements and regional uplift (Reicherter and 
Pletsch, 2000). This led to pronounced changes in 
the configuration of the basin floor, and as a conse­
quence, to intensification and deepening of oceanic 
currents in the area, favouring contourite generation. 
6. Discussion and conclusions 
Since Wiist (1936, 1958) suggested that bottom 
currents might have a prominent role in reworking 
and distributing deep ocean sediments, many authors 
have Wlderscored the importance of sediment rework­
ing processes by bottom currents (Kelling, 1958, 1964; 
Heezen, 1959; Craig and Walton, 1962; Kuenen, 1964, 
1967; HSii, 1964; Ballance, 1964; Heezen and Hollis­
ter, 1964; Dzulynski and Walton, 1965; Bouma, 1972, 
1973). The earliest identifications of deposits clearly 
ascribable to contour currents and consequent defini­
tion of contourites were Wldertaken by Heezen et al. 
(1966) and Wezel (1969), and documented by Hollis­
ter (1967), Hollister and Heezen (1967,1972), Bouma 
and Hollister (1973), Hollister et aI., (1974a,b), Dam­
uth (1975) and Stow (1977) among others. 
The DSDP, and especially the HEBBLE prog­
ramme, developed during the late 1970s and early 
1980s has greatly improved our understanding of 
bottom currents and associated sediments (Hollister 
and McCave, 1984; McCave and Hollister, 1985; 
Nowell and Hollister, 1985). In contrast, the defmi­
tions and criteria to recognise contourites were estab­
lished by Stow (1977, 1982), Stow and Bowen (1978), 
Stow and Lovell (1979), Lovell and Stow (1981), Stow 
et al. (1986) and by the papers compiled in a special 
issue edited by Stow and Piper (1984a). Many of these 
papers deal with the problem of distinguishing fine­
grained turbidites from contourites. This issue was 
firrther explored in published facies models for fine­
grained turbidites (Stow and Shanmugam, 1980; Stow 
and Piper, 1984b; Piper and Stow, 1991). Subsequent 
facies models for contourites (Stow et aI., 1996, 1998), 
studies on the contourite-turbidite continuum (Stan­
ley, 1993) and later revisions of previous cases in light 
of the new models and the criteria provided by them 
(Faugeres and Stow, 1993; Stow et aI., 1998; Stow and 
Mayall, 2000b) may have served to resolve the con­
troversy that began 40 years ago. However, authors 
such as Shanmugam et al. (1993, 1995) and Shanmu­
gam (2000) propose alternative criteria to those of 
Faugeres and Stow (1993) and Stow et al. (1996) for 
defming and recognising contourites. 
After careful revision of the literature and compar­
ison of the sediments described with the criteria 
followed by the different authors in the study of recent 
and ancient deposits, it becomes clear that there are 
still many wrresolved questions related to contourites, 
and there is a geneml lack of consensus concerning 
what can be exactly ascribed to deep current deposits. 
The main conclusion to be drawn from this revision is 
that contourites or "sediments in relative deep water, 
deposited or significantly reworked by stable geo­
strophic currents (Heezen et aI., 1966; Faugeres and 
Stow, 1993)" present high variability in both recent 
and ancient records (e.g., papers compiled in Stow and 
Faugeres, 1993, 1998; Stow and Mayall, 2000a). This 
inherent variability depends on factors such as water 
depth, current intensity, type and supply of available 
sediment and biological activity. This variability and 
perhaps the lack of a ttue understanding of the simi­
larities and differences between modem and ancient 
bottom currents (Shanmugam, 2000) may explain why 
the construction of a general fades model for these 
deposits is proving to be such an arduous task, and 
why the already available models, based on recent 
deposits, are of limited value and application to the 
stratigraphic record. 
The ca1carenitic deposits of the Late Cretaceous of 
Caravaca examined here do not entirely match any of 
the published models, although they do share some 
features with them. Their interpretation, however, as 
contourites or deposits of bottom currents, is the most 
plausible hypothesis that can be proposed after the 
careful sedimentological, strati graphic and palaeogeo­
graphic analysis performed. This hypothesis is sup­
ported by the following features. 
6.1. Composition and texture of sediments 
As previously described, the carbonate contourites 
of Caravaca consist of very fme to medium-grained 
ca1carenites mainly composed of variable yet rather 
small amounts of silidclastic grains of silt to fme 
sand-sized and bioclastic material, highly fragmented 
planktic foraminifera, a few deep water benthic fora­
minifera and ca1cisphaerulids. There is also a presence 
of calcite prisms from the break up of inoceramid 
tests, and abundant subrounded to angular intraclasts, 
made up of micritic material similar to that predom­
inating in the hemipelagic fades. That is, sedimentary 
particles from the hemipelagic reahn that have under­
gone tmnsport within the same environment as where 
they were produced. They do not contrast in compo­
sition with the interbedded hemipelagites, as com­
monly do fine-grained or mud turbidites (piper and 
Stow, 1991). The association of forarninifers that 
characterise the contourites of Caravaca is completely 
different to any described in contemporaneous and 
laterally equivalent deposits of shallower areas of the 
basin (Martin-Chivelet, 1995). In younger units, also 
formed in the hemipelagic domain of the basin, 
turbidite facies become abundant and show, at least, 
a certain mix of shallow and deep-water faunas. 
6.2. Structures and inferred current behaviour 
Sediments are clean and well sorted, and the 
sedimentary structures observed point to traction as 
the main mechanism of transport. Since traction is not 
uncommon in turbidity currents, this evidence does 
not preclude such a mechanism of sedimentation 
acting by itself, yet no evidence of transport by 
gravity-driven currents has been found. Furthermore, 
multiple reactivation surfaces within each calcarenite 
bed reveal alternating episodes of erosion and sedi­
mentation, which are not characteristic of turbidites. 
As described in this paper, the contourites of Caravaca 
were controlled by multi-episodic, long-standing, tmc­
tive bottom currents of variable current strength and 
direction. Most of the structures observed were prob­
ably formed under current speeds in the range of 10-
15 cm/so These currents are comparable in many 
aspects to those described for the present-day oceans 
by Hollister et a1. (1984), Hollister and McCave 
(1984) and Hollister (1993), defined as "benthic 
storms" . 
6.3. Palaeogeographic context 
The sedimentary record of the Betic margin in the 
Late Cretaceous and Early Tertiary reflects palaeogeo­
graphic homogenisation of the Early Cretaceous com­
plex basin configuration (e.g., Vera, 1988) and later 
the start of the transition of the passive margin into a 
convergent one (Martin-Chivelet, 1996; Reicherter 
and Pletsch, 2000). During the Carnpanian and Early 
Maastrichtian, this basin homogenisation was still 
patent, with highly uniform hemipelagic to pelagic 
sedimentary conditions elsewhere in the deep settings 
of the margin and without the development of turbi­
dite sequences or other gravitational deposits (e.g., 
Vera and Molina, 1999; Chacon and Martin-Chivelet, 
2001). The platform to basin transition for this interval 
is defmed by a depositional, very flat outer ramp, in 
which gravitational structures such as slumps are 
scarce (Martin-Chivelet, 1995). However, overlapping 
this homogenisation, a process of regional uplift, 
which probably mirrors the start of convergence, took 
place. This process probably created the necessary 
bathymetric conditions for the contourite sequences to 
be generated. 
6.4. Palaeohydrological context 
During the Late Cretaceous, the Betic margin 
occupied a palaeogeographic position that was sus­
ceptible to the effects of relatively deep oceanic 
currents related to the circumglobal equatorial current 
system. This led to the formation of the northern 
margin of the narrowest oceanic passage, through 
which the broad equatorial current system flowed: 
the Tethys Seaway gateway into the Central Atlantic. 
Oceanic currents, channelled between Africa and 
Iberia, are sure to have affected the sea bottom in 
the hemipelagic areas of the continental margin. 
In conclusion, this paper describes a case study of 
calcareous contourite fades, of Late Camparuan to 
Early Maastrichtian age, that were deposited in the 
almost flat, wide areas of mid-depth settings (200-600 
m) of the Mesozoic Betic continental margin. In this 
palaeogeographic domain, combined tectonic and 
palaeoceanographic conditions towards the end of 
the Cretaceous led to the generation of an alternating 
succession of contourite and hemipelagite beds. The 
contourite beds are characterised by a sequence of 
traction structures, internal erosive smiaces, inverse 
and normal grading and other features which allow us 
to propose a new fades model. This model is com­
pared to those described in literature, and attempts to 
contribute towards a better understanding of sedimen­
tary processes in ancient deep oceans. Our intention 
was not to provide an alternative model to those 
already published, but to complement these by sup­
plying new data derived from a context that is fairly 
different to that of the present-day oceans. The main 
differences in our model arise from the nature and 
composition of the sediments involved and the patterns 
of latest Cretaceous oceanic circulation, extensively 
controlled by global palaeogeographic constraints due 
to the different distribution of continents. Neither of 
these conditions have been considered in the currently 
accepted facies models, probably since we are pres­
ently unaware of any similar situation. Nonetheless, 
the combination of both these conditions may serve to 
explain differences in the facies themselves, in their 
arrangement and in strati graphic stacking patterns. 
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